Abstract: Mordellidae (tumbling flower beetles) is a globally distributed family of Coleoptera; it is among the most species-rich families (containing 115 genera and 2308 species described). It is important because of its agroforestry significance and its ecosystem-sustaining attributes. However, the past and current status of Mordellidae research remains unclear. A comprehensive literature review of Mordellidae articles published over the period of 1864-2013 based on the Zoological Record was conducted for the first time. A total of 863 articles were used for analysis after a strict literature search using screening protocols. These articles were then assigned to four categories based on the year of publication, topics/themes, primary authors, and frequently utilized journals for publication of Mordellidae-related articles. The results reveal that: (1) there are three prosperous research periods (1876-1898, 1922-1957, and 1977-2012) for Mordellidae during 1864-2013 that are associated with the active period of three generations of the main taxonomists. However, it is unfortunate that it also demonstrates there is a lack of upcoming researchers to continue the work after the retirement of the current generation, thus action should be taken immediately to promote research on Mordellidae; (2) on average, each primary author published 3.1 papers, but~35% of the Mordellidae articles were published by less than 3% of the primary authors; (3) researchers tended to mostly publish their articles in local journals of their home countries; (4) more than 90% of the articles pertain to traditional taxonomy, with those of early times generally containing only simple descriptions of the species and the holotypes chosen are sparsely deposited with the researchers or amateurs around the world, thus making them difficult to be checked; (5) nearly half of the studies described Mordellidae species from Palaearctic realm, about one-third of the studies described species in other areas rather than in the fauna in which the authors lived, and about two-fifths of the studies described species from countries outside of the authors' country of origin. Therefore, the in-depth systematic study of worldwide Mordellidae is required to reconstruct Mordellidae phylogeny and a revision of its classification system with modern methods of comparative morphology, molecular biology, zoogeography, and cladistics. In order to better understand the life stages and biology of Mordellidae insects, more work on Mordellidae ecology should be undertaken to develop strategies for pest control. We hope that this review will provide information to the novice and expert alike in Mordellidae research pertaining to its past and current status, possible future research areas, and attract more attention from the scientific world and renew an interest in Mordellidae research.
Introduction
The Mordellidae (also called tumbling flower beetles) is a family of beetles with a great number of species. More than 2308 Mordellidae species belonging to 115 genera have been recorded so far and more species are appearing in the literature often, including 45 new species in the past 10 years. Mordellidae are found worldwide in a variety of ecosystems, from tropical rainforests to arctic tundra, and from sea level to elevations of above 4000 m (>13,123 ft). Adult Mordellidae are found on dead or partly dead trees and a great many of them are pollinators [1, 2] . While generally their larvae feed on the sap of vascular plants, some larvae are also found in dead trees, or still others bore in the pith of plants, hard mushrooms, and some are even predaceous on other larvae (e.g., lepidopterous and dipterous larvae) [1, 3] ; some of them are therefore important agricultural and forestry pests.
Linneaus is considered to be the Mordellidae pioneer who established Mordella, the first genus of Mordellidae, in 1758 [2] . However, it was not until 1802 that Mordellidae was actually established by Latreille [4] , which marks the start of the traditional taxonomy of Mordellidae. It is should be noted that for a long period of time (until 1855), Ripiphoridae were considered a part of Mordellidae. However, current molecular studies provide weak support for this monophyly [5, 6] , which is in contradiction with the morphology and biology of the groups [5, 7] . A considerable amount of work has been done by investigators around the world since then. It is of paramount importance to collate and synthesize these previous studies in order to provide a general picture of historical Mordellidae research that will serve future research [8, 9] . However, to our knowledge, no one has collated and synthesized these works. The objective of this study is therefore to understand the state of Mordellidae research by examining the published literature. Based on the Zoological Record, publications pertaining to Mordellidae from 1864 through 2013 were screened and analyzed to provide insights for Mordellidae practitioners and researchers alike on the major turning points of historical trends in and the implications for the future directions of Mordellidae research, as well as to compile a systematic reference to the Mordellidae literature.
Although many genera/species (e.g., Conalia (Mulsant & Rey, 1858), Ctenidia (Laporte de Castelnau in Brullé, 1840), Curtimorda (Naezen, 1794), Hoshihananomia (Sulzer, 1776), Mordella (Linnaeus, 1758; Eichwald, 1830), Mordellistena (Linnaeus, 1758; Panzer, 1796; Fabricius, 1798; Gyllenhal, 1810, 1819, 1827), Mordellocbroa (Fabricius, 1775), Tolida (Mulsant, 1856) , Tomoxia (Gyllenhal, 1827; Rossi, 1794), and Variimorda (Schrank, 1781; Comolli, 1837)) were described between 1758 and 1864 [4] , pioneer research within this period is not included due to the following reasons: (1) there is a lack of literature and limited access to holotypes of the previously described species [2] ; (2) insufficient descriptions (e.g., undescribed or rarely mentioned sexual divergences) given by previous researchers make it difficult to identify and classify this family [1]; and (3) many specimens were incorrectly identified and the system of taxonomic arrangement has been changed by later researchers [1,4].
Methods for the Literature Search
The scope of this investigation was limited to the time frame 1864-2013 because publications in various journals of this period were recorded in the Zoological Record, a ready source of taxonomic literature with coverage back to 1864 (published annually by Thomson Reuters). Zoological Record can be used to determine the first appearance of an animal in the published literature, track the changes in classification, and monitor the developments in ecology, conservation, and wildlife management/preservation. The literature recorded by the Zoological Record also (1) mirrors the developments and evolution in techniques and methods for Mordellidae research and (2) reflects the renewal of researchers' interest in such research after the adoption of new techniques, as will be discussed in next section.
The literature search was based on the descriptor "Mordellidae" in the title, key words, and/or abstract in the Zoological Record. The full text or abstract of each article was reviewed to eliminate articles that were not related or when only a minor section was about Mordellidae.
Results and Discussion of the Analysis
Our literature search and screening, performed according to the established procedures and criteria, returned 863 published papers in 300 different journals during the period 1864-2013. We categorized this literature in a few different ways, such as year of publication, journals, topics, authors and their affiliated countries, and geographic origin of described species, and these categories are analyzed and discussed accordingly below. This particular analysis should provide guidelines for the pursuit of future research on Mordellidae and its applications by explaining the chronological growth of Mordellidae over the years, the challenging areas of Mordellidae research, and the major issues surrounding taxonomy, ecology, pest control, and phylogeny.
Distribution of Articles by Year of Publication
The article distribution pattern by year of publication (from 1864 through 2013) is illustrated in Figure 1 . It shows a growing trend in the research on Mordellidae over this period and is marked by three high-volume periods: (1) 1876-1898; (2) 1922-1957; and (3) 1977-2012 . Fluctuations of publications during these three periods are observed in each period and the greatest number of articles is found in 1999 (21) . These three high-volume periods are associated with the active period of some of the main taxonomists, or three generations of Mordellidae researchers. 
Results and Discussion of the Analysis
Our literature search and screening, performed according to the established procedures and criteria, returned 863 published papers in 300 different journals during the period 1864-2013. We categorized this literature in a few different ways, such as year of publication, journals, topics, authors and their affiliated countries, and geographic origin of described species, and these categories are analyzed and discussed accordingly below. This particular analysis should provide guidelines for the pursuit of future research on Mordellidae and its applications by explaining the chronological growth of Mordellidae over the years, the challenging areas of Mordellidae research, and the major issues surrounding taxonomy, ecology, pest control, and phylogeny. The number of articles grew more quickly than ever since the early 1980s through 2013, after which the number of Mordellidae articles fell precipitously, which could be attributed to the retirement of nearly all of the most prolific tumbling flower beetle taxonomists, mainly in European countries. Unfortunately, these eminent researchers have not been replaced by a new generation of Mordellidae experts [2] . The situation of Mordellidae research is much different from other fields such as leafhoppers, which has had a large group of young taxonomists in recent years [8] . The number of articles grew more quickly than ever since the early 1980s through 2013, after which the number of Mordellidae articles fell precipitously, which could be attributed to the retirement of nearly all of the most prolific tumbling flower beetle taxonomists, mainly in European countries. Unfortunately, these eminent researchers have not been replaced by a new generation of Mordellidae experts [2] . The situation of Mordellidae research is much different from other fields such as leafhoppers, which has had a large group of young taxonomists in recent years [8] .
Distribution of Articles by Year of Publication

Distribution of Articles by Journal
The number of journals under the category of insect sciences has been increasing considerably, from 87 journals in 2000 to 127 journals in 2010 and 143 journals in 2017 (accessed on 11 August 2018). However, only a portion of the journals have been utilized by Mordellidae researchers. Table 1 illustrates the distribution of Mordellidae articles by journal. It should be noted that there are 43 journals that published over 10 Mordellidae papers, mostly on topics of taxonomy. Vestnik Zoologii published 54 Mordellidae related articles in total, followed by Bulletin de la Societe Entomologique de France with 52 articles, and then Elytra with 50 articles. It is interesting to notice that the authors of these articles are mainly from countries where the journals were established, as will be discussed below. In these more utilized journals, a great number of previous works were dedicated to classification. Considering the changes in the recent trend in the publication of Mordellidae articles, a brief introduction to some of the most utilized journals is given below for the reader's reference. Vestnik Zoologii (Zoological Herald) is a bimonthly journal founded in 1967 in Ukraine; it publishes original papers in all fields of zoology. We found that all of the 54 Mordellidae articles published in this journal are from V.K. Odnosum (1983 Odnosum ( -2009 , who is also a Ukrainian.
Bulletin The Entomologist's Monthly Magazine is a British entomological journal that started publication in 1864. The journal publishes original papers and notes on all orders of insects and terrestrial arthropods from around the world, specializing in groups other than Lepidoptera. There are 46 articles published in this journal, with the main contributor being G.C. Champion (1891-1927, 11 articles) and K.G. Blair (1922-1934, 5 articles).
Distribution of Articles by Topic
Articles are divided into five categories based on the topics/theme, including traditional taxonomy, molecular, bioinformatics, ecology, and pest control. Each category is discussed separately and some good examples are given below:
(1) Traditional taxonomy classifies Mordellidae according to their morphological attributes. More than 90% of these articles were found to be traditional morphology based, with simple descriptions of new species only. The preponderance of taxonomists at the beginning of 18th century was European; after that, researchers from Asia and America started working on them. Some milestone research works worth attention over the traditional taxonomy period are: (1) Khalaf [10] and Odnosum [11] , who discussed wing venation of Mordellidae and found phylogenetic relationships in Mordellidae by the structure of hindwings; (2) Lu et al. [12] compared male genitalia of 12 different genera and found phylogenetic relationships in North American Mordellidae; (3) Odnosum [13] [14] [15] [16] [17] , who discussed several morphological characteristics of Mordellinae, including antennae, mouthparts, sternum, structure of wings, male genitalia, etc. Instead of describing only the maxillary palp of males, as did most researchers, Odnosum [18, 19] described other morphological characteristics of both male and female Mordellidae. There are also important studies of M. Franciscolo and many others which are not mentioned above.
(2) Ecologists investigate the life history of Mordellidae species and their biology (e.g., plants, water, temperature, natural hazards, and other insects). Life history is critical to the study of disease transmission. Hayashi [20] showed that larvae of some genera of Mordellidae live in dead trees in Japan. Mamayev and Odnosum [21] presented new data on morphology and systematics of five species of Mordellidae larvae of Far Eastern USSR fauna. Ford and Jackman [22] connected 11 species of Mordellidae and 22 species of hosts and reported new larval host plant associations in North America. Zemoglyadchuk [23] reported the morphological attributes of larvae of three species of Mordellistena parvula groups and stressed the importance of studying larval hosts to identify species of Mordellidae. Identification of larval hosts may also facilitate understanding the life cycle of Mordellidae species and the development of pest control strategies.
(3) Pest control. Mordellidae are of significant agroforestry importance, e.g., many species are pollinators, while some species are pests that lead to great economic losses. Therefore, better understanding of the classification and ecology of Mordellidae can facilitate the development of strategies for pest control. Unfortunately, few articles found in the Zoological Record reported the threats and prevention of Mordellidae. The few available reports are about their risk to sunflowers. Fan [24] stated the reason for the investigation and recording of new species of Mordellidae was that Mordellidae are harmful to the local sunflower industry in China. Qureshi et al. [25] reported that plant populations and weeds influence stalk insects (Mordellidae), soil moisture, and yield in rain-fed sunflowers.
(4) Fossil studies. Fossil Mordellidae are rarely found and reported [26] , but they can be valuable to understanding the evolutionary history of Mordellidae. The earliest Mordellidae fossils found in the Karatau Range in Kazakhstan were considered to be from the Late Jurassic; it was described as a new genus and species, Praemordella martynovi Scegoleva-Barovskaja [27] . Based on this, Scegoleva-Barovskaja [27] [35, 36] , Peris and Ruzzier [37] , and Odnosum [38] , also reported new fossil/amber Mordellidae species, or established a new genus based on the described species.
Distribution of Articles by Author
There are 268 primary authors for the 863 articles, which is~3.2 papers on average for each author over the last 150 years (1864-2013). Over half of the 863 papers were published by researchers who published 10 or more Mordellidae articles. As (23 articles, 1890-1927) . These seven researchers (3% of the 268 primary authors) published over one-third of the total articles (298), which may indicate that Mordellidae may be the expertise or focus of a very small portion of these authors. A summary of articles for the significant contributors is shown in Table 2 . We also investigated the country origins of the primary authors ( Table 2 ). The results showed that Mordellidae research is heavily internationalized, with the majority of authors from European and Asian countries.
Distribution of Geographic Origin of Described Species
We investigated the distribution of the geographic origin of described species by animal fauna (i.e., Palearctic realm, Nearctic realm, Neotropical realm, Ethiopian realm, Oriental realm, and Australian realm). There are 401 Mordellidae studies related to species in the Palearctic realm, 114 in the Oriental realm, 90 in the Ethiopian realm, 88 in the Nearctic realm, 59 in the Australian realm, and 49 in the Neotropical realm. Twenty-two studies described species from two realms, two publications described species from more than two realms, and the rest focused on species from a single realm. It is interesting to note that more than 250 studies described species from other animal fauna rather than the fauna from the region to which the authors belonged. This might be evidence of increased international collaboration or lack of described species from authors' own realms. By comparing the country of origin for the described species and authors, we found that more than 350 studies described species from countries outside of the authors' country of origin.
Conclusions and Future Studies
Mordellidae is among the most important families of Coleoptera, with 115 genera and 2308 species distributed worldwide. These taxa play critical roles in the function and sustainability of the ecosystem. The larvae of some species are important pests for agricultural and forestry industries, while at the same time the adults are beneficial pollinators. In order to obtain a general picture of global mordellid research, we undertook a comprehensive review of articles on the family covering the period from 1864 through 2013 based on the Zoological Record. To the best of our knowledge, this is the first academic literature review on Mordellidae research depicting the past and current status of the family [2] .
A total of 863 articles were selected for analysis following strict literature search and screening protocols. These articles were then divided into four categories based on the year of publication, journals, topics/themes, and primary authors. Our results demonstrate the following:
(1) In these 863 papers, traditional taxonomy is the dominant topic, accounting for more than 90% of the total articles. In addition, literature of earlier times generally contains only simple descriptions of the species, with these being less likely to be used for phylogenetic classification. The holotypes used were non-discretely deposited around the world, making future research more difficult.
(2) There are 268 primary authors for the 863 articles, with~3.1 papers on average for each author over the last 150 years (1864-2013). It is interesting to note that~36% of the Mordellidae articles were published by only 3% of the primary authors, which may indicate that only a few researchers have focused on this family and the rest of them did not attempt to conduct in-depth and systematic studies of Mordellidae. The underlying reason for this remains unknown.
(3) Mordellidae research had three high-volume periods, and these were associated with the active periods of some of the main taxonomists, i.e., three generations of Mordellidae researchers.
(4) We found the distribution of articles by journal to be very interesting. Early publications were made by authors mainly from countries where the journals were established. Later, there has been an increasing trend toward publishing in international journals.
(5) The Palearctic realm is the most frequently studied region for Mordellidae, accounting for about half of the studies, while about one-third of the studies described species from other animal fauna rather than the fauna from the region to which the authors belonged. Similarly, we found that 40% of the studies described species from countries outside of the authors' country of origin.
Our conclusions based on the literature analysis are that many genera and species need to be revised, especially old Mordellidae descriptions. Further, new species need to be described, especially those in less studied regions, such as the Oriental realm, the Ethiopian realm, the Nearctic realm, the Australian realm, and the Neotropical realm. Along with these revisions and new descriptions, there is a need for an in-depth systematic study of worldwide Mordellidae, which is of paramount importance for modern phylogenetic reconstruction and an overhaul of the family's classification system. Using modern methods of comparative morphology, molecular biology, zoogeography, and cladistics will secure a better understanding of the world's Mordellidae fauna. A list of the Mordellidae generic taxa can be found in the Appendix A.
Furthermore, the employment of molecular techniques has been proven to significantly improve the accuracy of taxonomy of many other families of Insecta [39] . Thus, phylogenetic studies based on both morphological and molecular data should be the main direction for future studies, especially at the species level, where distinct morphological characteristics are difficult to identify. Additionally, attention should also go to the study of Mordellidae's way of life, so as to better understand the life stages of tumbling flower beetles and their relationships to environments; this can also serve as the foundation for developing strategies for pest control.
However, as our literature review amply demonstrates, the retirement of the third generation of eminent Mordellidae researchers has unfortunately left a research vacuum, as nearly no one is taking over their research tasks. In addition, there are no large-scale funds or training programs for taxonomists in Mordellidae and the lack of taxonomists and funds have also been reported in other research in Insecta and biodiversity [40] [41] [42] [43] [44] . We therefore believe actions should be undertaken immediately to promote the research of Mordellidae and attract more attention from the scientific world. We hope that this lengthy literature review and analysis of the field of Mordellidae research will be the beginning of a resurgence. 
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